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[ There are no amendments to this patent. |

Problem

The objective of the present invention & to provide a multitunctional electronic part in
which a phyahity of mounted constituent elements with ditferent electronic functions constitute g
single clectronic part, and a voltage-controlled oscillator that enables the board surlace area to be

made smaller by mounting the multifunctional electronic part.

Means © solve

The multifunctional eloctronie part, in which a resistor and g capacitor are connected in

parallel between mounting conductor eleetrodes 22, 23, can be constituted by providing a

dwpe h;r type capacitor 21 provided with mounting conductoy
electrodes 22, 23 on two opposing surfaces. By eonnecting such a multifunctional electronic part
w0 the evitter electrade of & transistor for oscillating avohage-controlled nscillator, for example.
the number of elements that constitute the voltage-contsolled vacillator can be reduced by one, as

compared with the prior art.
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Claims
1A multifunctional electronic part characterized tn that i comprises:
a first mounting conductor clectrode und a second mounting conductor electrode for

electneal connection to the putside, a plurality of fiest conductor layers electrically and physically

connected w only the aforementioned first mounting ¢ .Gmh,z_ct(:»r electrods ph,r_t':zl}{};' of second

conductor fayers electrically and physically comnectad to only the aforementioned second
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that the gfrementioned Hest conductor lavers and the atvremenlioned second conductor layers

ﬂppearvahemat&iv between the aﬁ)mmmti@md insulating lavers,

mounting conductor electrodes are formed, and that 1s alse electrically and physically connected to
ihe aﬁ}:‘c:_men:l‘i;:_m‘c\ﬁ frst and second moanting conductor electrodes.

2. The multifunetional electronie part of Claim 1 characterized in that the form of the
aforementioned compound function electroe compound ¢ that of a rectangular paralielepiped,
in that the aforementioned first and second mounting conductor electrodes are formed on
two appesing surfaces,

and in that the afotementioned vesistor s formed ofira surface of one of the aforementioned
insulating lavers on at least one of fow surfaces, which excludes the two surfaces on which said
first-and second mo m.mﬂg conductor electrodes are formed.

3. Mamufacturing method for & multifunctional clectionic part that has a resistive function
and a capacitive function, characterized in that

afier first conduetor layers and second conductor lavers and inswlating layers ¢
successively formed so that the aforementiomed insulating layers are beltwesn and vn either side of
the aforementioned first and second condudtor lavers., and

E {east une of] the aforementioned insulating

in that & first .mmm’iing cotdunctor electrode for electrical connection 1o the outside is
formed to be electrically and physically vonnected to the aforemestionad firstconductor by yers and
the z:i'i:zrenmmiﬁmd resistor,

and In that a second mounting conductor clectrode for electrical conpection to the outside
s formed 1o be electrically and physically comnected to the aferementioned sceond conductar
favers and the aforementioned resistor.

4. The multifonctional electronie part manufacturing method of Claim 3 characterized in
that the admitisnee of the aforomentioned compound function electronic compemd is meagured
after the aforementioned mdtifunctional elecironic part is formed,

in that the resistance valoe of the resistapee portion s taken frow the real part of the
mieasured adailianes value,

and in that the capacitance value of the capacitance poriion is taken from the imaginary par
of the measured admillance value,

5.4 mudtifoncuonal electronie part charactenized in that i comprises;



a first mounting conductor electrode-and a second mounting conductor electrode for

glectrival connection 1o the outside a plorality of first conductor layers eleetrically and physieally.

commeeted toonly the aforementioned first mounting conductor electrode. a plurality of second
conductor layers electrivally and physically connected 1o only the aferamentioned second
mounting conductor electrode, ¥ laminaed ceramic capacitor that is formed with insulating Tayers

betweer i the aforementioned pluralities of first and second conductor layers so

that the aforementioned Hrst conductor layers and the aforementionsd second conductor layers

appear altermnately between the aforementioned msudating lavers,

capacitor except where the atorementioned first and second mounting conductor electrodes are

cally comnected'to the aforementioned first and

formed. and that is also electrically and physi
second mounting conductor gleetrades.

6. The multifunctional ¢lectronic part of Claim 3 characterized in that the form of the
gforementioned muliifunctional electronic part is that of a rectanpular paraliclepiped,

in that the aforementicned first and second mowsting conducter clectrodes are formed on

two opposing surfaces,

onwhich said frstand second mounting conductor electrodes are formed.

7. A mamufacturing method for a multifunctional electronie part that bas a resistive
function and a capacitive function, characterized in that

after first condnctor layers and second conductor lavers and isulating layvers se
sugcessively formed so that the alorementioned tnsalating laysrs are between and on either side

the afbrementioned fivst and second condactor Tayers,

in that a firsst moeanting conducter electrode for electrieal connection 1o the cuiside iy

tormed 1o beelectrically and physically conpected to the aforementiomed firsteonductor layers and
the aforementioned inductar pattern,

and tn that a second mounting conductor electmde forelectnieal connection 1o the cutside
is formed to be electrically and physically connected 1o the aforementioned second conductor
favers and the atorementioned ndoetor patiern,

8. The multiftnctional electronte part manufacturing methed of Claim 7 characierized in

that the




9. A voltage-controlled oscillator in which the oseillation frequeney is changed with a
control voltage,

characterized n that 1t comprises

a multifunctional electronic part cmﬂpri&;ing a first mounting conductor electrode and a
second moonting conduetor electrode for electrical connection to the outside, a plurahity of first
conductor lavers electrically and physically eonnected to only the sfercmentioned first mounting
conductorclectrode, a plorality ot second conductor Tayvers electnically and physically connected to
only the aiorementioned second moonting conductor electrode, & lanunated ceramic capacitor
formed with msulating lavers between and ont ¢ither side of the atorementioned first and second
conductor lavers sothat the atorementioned first conductor lavers and the second conductor layers
appear alternately between the aforementioned insulating layers, and g resistor formed on a surface
of {al least one o} the aforementioned Insulating layers of said laninated doramiv capacitor except
where the atorementioned first and second mounting conductor wlectrodes are formed while alse
heing clectrically and physically connected with the atorementioned first and second mounting
conductor electrodes,

10, The veltage-controtled pseillator of Claim 9, characterized in thas it comprisesa
resonance cireuwit composed of an indoctor and a voltage-variable capacitor,

and a DU-Mased transistor for producing an oseillating output, to the contrad electrode of
which the aforementionsd resnnance sircit is ennnsected,

and 1 that a resistor and capacitor, which are connected in paraliel with one common end
connected 1o the emitter electrode of the atorementioned escillation transistor, constitule the
aforemontioned multifunctional glectrdnic part,

11 Acvoliage-coutrolled osgillator o which the oseillation frequency is changed with

characterized in that it comprises
a multifunctional electronic part comprising & lisst mounting conducior electrode and &
second mounting conduetor electrode for electrical connertion o the vutside, a plurality of first

conduetor lavers electrically and physically comnected with only the aforementioned first
meunting conductor electrode, a plurality of second conductor laviers electrically and physically
conseeted (o oaly the aforementioned second monating conductor electrode, a laminated ceramic
capacitor formed with insulating layers belween and on either side of the aforementioned first and
second conductor layers so that the alorementioned st conductor Tavers and the second
conductor lavers appear alternately between the aforementioned insulating lavers, and an inductor

pattern formed with a low-reststance conductive material on a surface of [at least one of] the

aforermentioned insulating laver of said laminated capaciior except where the aforementioned tirst
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and seeond mounting conductor electrodes are formed whilte also being electnically snd physically
connected o the aforementioned first and second mountng conductor elecirodes.

12, The veltape-controlled oseillator of Claim 11 chavacterized in that it conprises a
resonance cireuit composed of an indactor and a voltage-variable capacitor,

and a DO-biased transister for producing an oseillating output, to the controf electrode of
which the aforementionsd resonandecirctis is connécted,

and mrvthat the inductor which constitutes the atorementioned resonance cireuit and the
capacitor, which is used Ry temperature compensation and is connected in parallel with said

inductor constituted by the aforementioned multifunctional clectrome part.

Detailed explanation of the invention
(00611
Technical field of the invention

The present wvention relates to a multifonciional elecironie part in which electronic
constifuent elements that have different ¢lectrieal functions are formed, & munufacturing method

theretore, and 10 & voltage-controlled oséilator egnipped therowith.

FO0G2]
Prioy avt
Thecirenit configuration of a voltage-controlled oscillator vsed in the priorart s shown

Figure 1. The cireutt confignration of the voltage-controlled oseillator shown in Figure 1 is the

hdo)

pe~-controlled oscillator of the present nventiow, so that its configuration

fan

sarnie as that of the volt
will be explained briefly immediately and in detail further below: In the voltage-controlled
oscillator shown in Figwee 1. resonance circult A comprises a varsetor drode D, inductors L and

1.2, 80d czrx_pa\';:ii_m's €102, Cland U4 Gryeator cirenit B ecomprises an npn transistor T, capaoitors

5, C6 and U7 and reststors R1, R2, R3 and R4, Amplitier cireoit C comprizses an npn transistor

T2, s inductor L3, mipai{:._itf}r&: CR,C9, C10 and O, and resistors R, B2 and R4,

U003

In the voltage-controlled oseillator shown i Freure 1, the electronic components that
constitute sach circwil element are mounled on g board as shown Figore 9. Namely, a Z-transisior,
single-package type transistor T oy whicl transistors 11, T2 are vonfigured as one electronic
component, and chipstype electronie component 3 that canstituies the resistors and vapscitons are
mounted on substrate 4. The electronic components mounted on substrate 4 are one I-transistor
single~-package type transistor 1, one varacloer dinde 2, and Hfteen other chip type electronic

compunents 3, so that a total of seventeen electronic components are mounted. Moreover,



although not shows, mductors ave formed as conductor patterns by pringing and fiwing a conductive

paste on soabstrate 4.

[O004]

The continued demand in recent vears to make voltage~controlled osciltators that are
constituted with a plurality of elements in this way smaller has been responded to by mounting the
plurality of elements more densely. I has also been responded o by reducing the number of
coraponents by using multifunctional parts for the mounted constituent elements, as bas been
proposed for cther devives besides voltage-controlled oseilldtors in Japanese Kokat Patet
Application No. Het 911997]-283704.

RUTIRY
Problems b be solved by the invention

Current high-density mounting technology for small electronic components 15 nearing its
Hmatanons, where the surface area of substrate 4 on which the seventeen glectronic companints
are mounted, a5 shown in Figure 9, is 5.0 mm x 4.0 mn. Making the size of the mounted electronic
components thomselves smaltler has been considered, but mumatarization of the electronic
components is accompastied by manufacturing difficultics, And in terms of circuit performance,

the nuunber of mounted constistent elemignts cannét be further feduced.

[oa0s)

A mudtifunctional electronic part with g resistance portion and a capacitance poriion, as
disclosed in Japanese Kokai Patent No. Hei 9[ 1997]-283704 has been proposed; it is configured so
that the resistance portion and the capacitor pertion gan be connected in serigs, but not in paraliel
as 1n the clrenit configuration of Figure I In addition, in order 10 make the capacitance of the
capacitor portion larger, the area of the dielectric il and the electrodes that form the capaciior
portion must be increased, so that the area of the semiconductor substrate on which they ave

formed must also be inereased.

OO0 T
In addition, veltage-controlled oscillators requuire a trimming process, in which conductor
patterns incorporated imto the board must be burned off with a laser, etv, (0 correet the variation of

the mduectance or the wductor part and thereby adjust the oscillatiod frequesey.
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[B008]

In consideration of such problems. the objective of the present invention is to provide a
multifonctional electronic part in which a plurality of mounted constituent elemenss with different
electrical Tunctions are constibited as a single electronic part, a manudacturing method therefore,
and a voltage-controlled osciflator, whereby the board surfsce arca can be reduced by mounting

the multtfunetional electronic part.

[D00%}
Meatis ti sobve the protlems

In order {o realize the alorementioned objectivi, the multtfunctional electronic part of
Claim 1 s characterized in that it comprises a first mounting conduetor electrode and a second
meunting conductor electrode for elocirical vonnection 1o the cuteide, a plurality of first conduetor
layvers electnically and physically conngted o only the aforementioned first mounting conducior
glectrode, a plurality of second conductor layers eleetrically aud physiwcally connected o only the
aforementionad second mounting conduttor electrode, a laminated ceramic capacitor formed with
an insulating layer between and on gither side of the aforementioned first and second conductor

tavers, sothat the aforementioned Hrst conductor layers and the atorementioned second conductor

lavers appear alternately betwein the aforementioned insulating layers, and @ resistor formed on a
surface of fat least one off the aforementioned tnsolating lavers of said laminated ceramic
capacitor exeept where the alorementioned first and second mounting conductor electrodes are
formed, and that & also electrically snd physically connected with the aforementioned first and

second monnting conductor electrodes.

(0010

Insadmudtitansh

and second conductor fay

N .
g T SO
Y \.\,g. S

msulating matenal, such as titangam dxide, barium oxide or lead oxide, has beep iy

X
.
4 %
WD

5. A st moeuniing condueter electrade

electrically and physically connected to the fivst conductor lavers, and a second mounting
condactor lectrode electnicalhy and physically connected 1o the second conductor lavér aré
provided on both sides of the capacitance portion. The surfaces of the capacitance portion, except
the surfaces on which the first and second mounting conducior electrades are connected, ave

er, anda reststor s formed from aresistive material, suchas

ruthestum oxide, on a surface of [at least ope of] the insulating lavers @ be electrically ind

physivally connected w the frst and seeond mounting conductor elestrodes. In this way, a
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mudtifunctional efectronie part that has a resistance portion and a capacitance portion connected in

paralle] between the first and second monnting conductor cleetrodes is produced.

oot}

In said multifunctional electronie part of Claym 2, the form of the altremeationed
multifunctional electronic part is that of a rectanguoiar paratielepiped, the aforementioned first and
second mounting conductor electrodes are firmed on two opposing surfaces, and the

afvremientioned resistor 8 formed on a swrface of one of the aforementioned 1sulatiog layers vu at

least one of four surfaces excluding the two surfaces on which said first and second mounting

conductor-elevirades are formed.

(0013}

The manufactering method for a muliifunctional electronic part that has a resistive
function and a capacitive funetion of Clam 3 1 characterized in that after the aforementioned frst
and second conductor tayers dnd the aforementioned insolating layer are stccessively formed so
that the insalating layers are formed between and on either side of the first conductor layers and the
second conductor layvers a resistor is formed on an cutside surtace of [at least one of} the
aforementioned insulating favers the first mounting conductor electrode for elecirical connection
to the outside s formed to be electrically and physically connected to the aforementioned first

conductor layer and the albrementioned resistor, and in that the second mounting conductor

electrode for electrical connection to the outside s formed {0 be electrically and ph‘y"s-icfaﬁy
conpected o the afbrementioned second conductor laver and the aforementioned resistor.
10013

In this svay, after the capacitance part is formed by forming insulating L.nu $ and mnd 1;.10;

favers ay mihe conventional techuoloey,

solder-plating with silver pasie to connect the mounnting condugcior electrodes on two opposiug
surfaces o the sides of the vapacitance part where the resistor, which 1s the resistance part, is
formed in this way, the first conduclor layers and the resistorare electrically and physically
connected 10 the first mounting conducior electrode, and the seeond canductor layers and the

resistor are electrically and physically connected 10 the second mounting conductor electrode

[0 14]
As deseribed in Claim 4, the admittance of the atorementioned mltifunctional electronic

part 1s measuwred after the aborementioned multfunctional electromie part is forned, and the



resistance value of the reststance portion i taken from the real part of the measured admitance,
and the capaciiance value of the capacitance portion 18 taken from the § miaginary part valoe of the

measured admiflance.

[O015]

The multifinctienal electrente part of Claim 3 {8 chavacterized in that it comprizes a tirst
mounting conductor electrode and a second mounting conductor electrade for electrical
connection o the outside, a plurality of firstconducior laverselecinically and physteally connected

toonly the aforementioned first mounting vonductor elecirode. a plurality ol second conductor

lavers electrivally and physically connected to only the aforementioned secomd mounting

aforementioned first conductor layers and the aforementionsd second conductor layers appear
alternately between the aforementioned insulating layers, and an mdoctor pattern that is formed
with a lJow-resistance conductive material on o surface of {at feast one of] the aforamentioned
insulating layers of sald laminated coramic capacitor except where the glorementioned first and

1

seeond mcmm’ing conductor electrodes are formed, and that s also electnically and physically

connected o the aforementioned first and second mounting conductor electrodes.

[te]

I sard multifunenional electronie part, the eapaeitance portion i formed by forming first
and second conductor lavers of a conductive material, soch as sibver or silver palladianm, on either
side of cach of several imsulating lavers formed from 2 glass ceramic material in which an
insulating material, sueh as titarium oxide, barium oxide or lead oxidi has beéen mixed so that the
fnsulating fayers are between the conductor layers. A first mounting ennductor eleetrode
electrically and physically conneeted with the fivst conductor layers and a second mouwnting
conducter clectrode electrically and physically eonnected 1o the second layers are provided on
both sides of the capacitance portion. These swrfaces of the capacitance portion, except the

strfaces-onwhich the firgt and second mounting o

silver or sibver palladivm, ona surface of [d“} least one of the insulating lavers 16 be electrically and
physteally connected fo the frst and seeond mounting conductey electrodes. In this way,
multifunetional electronic part that has an inductance portion and a capacitance portion connected

in parallel between the Orstand second ununting conductor glectrodes is produced.
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In satd mulifonstional electronie part of Clam 6, the form of the aforementioned
multifanctional elestronic part is that of & rectanpular parallelepiped, the aforementioned first and
second moumting conductor eie{ﬁr{fsdes are formed on two vpposing surfaces, and the
atorementioned mductor pattern is formed ona surface of one of the aforementioned insulating
laverson at least one of {Our stirfaces s&:xth.n;iing the two surfaces o which said fist and second

mounting conductor electrodes are formed.

[O018]
The ma.rmfzmtmhm methad for 2 multitunctional electronie part that has a resistive
functisn and a capacitive functinn of Claim 7 is characterized in that after the aforementioned first,

and second condneior im ars and the aforemsntioned insulating favers are suvcessively formed so
that the insulating layers are between and on either side of the fisst conductor lavers and the second
conductor layers, an inductor patternis formed on an owtside surlace of at least one off the
sforementioned Insulating layers with a Ipw-resistance conductive material, g first nuunting
conductor electrode for electrival conmection to the ouside s formed o be electrically and
phvsically connected to the aforementioned Nirst conductor layvers and the aforementioned indoctor
pattern, and the second mounting conductor electrode for elecirical cofineetion © the putside i3

formed to be electrivally dnd physically connecied 1o the alorementioned second conduciar layers.

10619

Inn this way, alter the dapaciidnce part v foomed by alternitely forming an hsulating layer

betweeen conductor lavers as in the conventional technology, &

solder-plating the silver paste to connedt the mounting condiwtor clectrodes on twin

Then, b

opposing surfaces to the sides of the capacitance part where the nductor pattern, which 15 the

o

tnsductive part, is Tormed in this way, the fivst conductor layers and the inductor pattern are
electrivally and pih_ysicall\-‘ connected o the Grst mounting conducinr glectrode, and the second
conductor layers and the inductor pattern are electrically and physically connected to the seeond

mipunting vonductor electrode,

({020
As ol Claim R, the resonance frequeney of the aferementioned multifunctional electvonic

part van also be measured atter the afvrementioned multifunctional electronic part is formed.



{0621

The voltage-conteolled oscillator in which the eseillation frequency is changed with @

controd voltage, of Clalny 9 is charactenized m thiat it comprises & multifunctional electronic part

comprising o frst mounting conductor electrede and a second mounting c{fms;h;ctm" elecirode for

clectrical connectinn 1o the cwiside, & plurality of first conductor layers electrically and physically
gonnected to only the aforementionad first mwounting conducior electrode; a p‘E'm‘a_im-‘ of seeond

:;'.-‘;n?u'}u.xa;fmr layers clectrically and physically connected to only the atorementioned seeond
mounting conductor electrede, a laminated ceramic capacttor formed with 1nsulating layers
between and on either side of the aforementioned first and second conductor Tavers such that the
atorementionsd first conductor layers and the sccond conductor layers appedr alternately between
the aforementioned insalating layers, and a resistor formed on a surface of {at least one of] the
alorementioned insulating layers of said aminaled ceramie capacitor except where the

aforementioned fivst and second wounding condoctor electrodes are formed while also being

slectrically and physically connected to the aforgmentioned first and second mounting conductor

electrades.

{0022
Thevoltage-comrolled ascillator of Claim 10 iy characterized in that the voltage-controlled
ascillator of Claim 9 containg & resonance cireait composed of an induetor and a voliage-variable

capacitor and a DC-biased osciliation transistor, 1o the comirel eleetrode of which the
aforementioned resonanee cirentt is connected, and w that a resistor and & capacitor, which are
connected in paraliel with one commuon end connected to the emitter electrode of the
atorementionsd eseilation transistor, codstitute the aforementioned multifinctional electronic

Jratt.

[0023]

The voltage~-controlled oscillator of Clatm 11, fo which the oscillation frequeney is
exchanged with control voltage 1s characterized in that it comprises a nultitusctional electronic
part comprising a rst mounting conductor electrode and a second mounting conductor elecirode
for elecirical connection to the cutside, a plurality of {ivst conductor lavers eleetrically and
physically conpected 10 only the aforemensioned first monnting conductorelecirode, aplurality of
second conductor layvers electtically und physically connected to ouly the atorementionesd second
moennting conductor electrode. a laminated ceranic capacitor formed with insalating Javers
between and on gither side the aforementioned fest.and second condustor lavers xo that the
atorementioned first conductor layers and the second conductor lavers appear alternately between

the aiorementioned insulating "t\ ers, and an nducior pattern formed with a ](m-»‘%a:ms’:iﬁ.ﬂs;@
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conductive material on a strface of [at least one of] the aforementioned nsulating layers of said
lgninated capacitor except where the aforementioned first and second mounting conducter
slectrodes are formaed while also berng electrically and physically connected to the aferamentioned

first and second mounting conductor clectrodes.

IQUZSH

The valtage-controlled nseillator of Claim 12 is characterized in that the voltage-controlled
oseillator of Claum 11 comtains a resonance cireuit c;mitnpogea:i of s inductor and a voltage-variable
capacitor, and a BO-biased oseillation ransisior, fo the control electrade of which the
afvrementioned resonance circudt s connected, and in that the mductor, which constitutes the
atovementioned resonance circuit and the capaciior, which is used for temperature compensation
and 18 comnmected inparalled with said inductor wre constituted by the aforementionsd

muhiifunctional elecironie part.

[(025]
Embodimenty of the invention
Voltage-controlled oscillator civeutl configuration

The voltage-comtrolled oscillator of the present invention has the cirenit configuration
sheswny in Figure 1, Uke s voltage-controlled oscillator of the prior art In the voliage-controlled
oscittator shown in Figure |, inductor L1 wnd eapacitor €1, we the commaon end of whieh control

pe VT 15 applied: varacior dinde D, the cathnde end of which is connected 1o the other ensd of

capavitor C3, whith are commected at one end tothe other énd of capacitor C2 and the other ends of
which are grounded; and capacitor C4, one end of which 1s connscted to the comnection node of

capacitors C2 and €3, are provided, therehy constituting résonance cireuit A

00261
In rexonance circuit A, 1w order o supply voltage to control the capacitancs of varactor

diode 13, low pass filter, formed by tnductor L1 and capacitor C1 s used. A paralle] resonance

cirenit is also formed by inductor L2, composed of & 2/4 strip line resonator, capacitor T3, which is
& temperature-compensating element, and varactor diode D) Tnpot of the DC component to a
subsequent circnit stage 1% prevented by capacrtor G4l Here, one termnad of capacator O i3

grovunded



(a7}

Gyrator eiveudt B comprises npy transistar T1, which s connected 1o the other end of
capacitor C4, which passes the voltage fromy resonance cireuit A of said transistor: t the base
capacitor CS, which is conngcted between the base and emitter of transistor T resistors R1 and
R2. the common end of which is connected 1o the base of wansistor T capaciior C6 and resistor
R3, the common end ofwhich 18 conpected to the emitter of transistor T, with the other terminals
grounded; capacitor U7, one and of which is connected 1o the collector of trangistor T1 and the
other end of which 15 grounded; and resistor R4, one end pf which is connected to the other end of

reststor B2, Herg, the other énd of resistor R iy grounded,

[0028]

In addition, amplifier cirouwt C comprises resistors R1; R24nd R4: npn transistor T2, the
base of which is connected o the other snd of resistor R2 and the emitter of which is connecied to
the collector of transistor T1; capacitors U9 and C10 and inductor L3, the common end of which 1s
comnected tothe collector of trarsistor T2; and capacitor 011, one f;‘nd of whivh iy conngcied to the
other end of inductor 1.3, Here, the other onds of capaciicrs T and C11 are grounded, and the
other end of resistor R4 is connected 1o the other end of inductor L3, In addition, bias voltage VI

ts applied 1o the connection node ol wsistor R4, inductor L3 and eapacitor €111,

10029
With this constitution, gyrator cirouit 1 stabilizes and outputs a frequency that satisfies the
oscillation requirements of resonance cireuit A, and the oscillation sigual Of gyvrator cirenit B is
amplified by aniplifier cireuit U, which operates as an active cirenit tor 8 Colpitts oseillator along
with gyrater ciroud B Then the oscillation signal that 1s amplified in Uis way i output as a signal
with the 13 component removed by capacttor CT8 fron output terminal OUT, which is conneeted

to the other end of capacitar CHL At this time, transistor T1 operates as an oscillation transistor,

svhile wansistor T2 operates as an amplification transi

{0030
The voltage-contriiled oseillaor shown In Figure Tis used in cach of the embodiments
explained below, Thas, in each of the embodiments below. it is assumed that the maltifunctional

clectronic part 1s used with the voRage-controlled oseillator shown i Frgure 1.
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{0021
First embodiment

A first embodiment of the present invention will be explained with referencd o the
attached figures. Figure 2 shows aiv obbique view and an eguivalent circuwt diagram that iHustrates
the configuration of the multifunctional electronic part that has a resistance povbion and a
capacitance portion provided for the voltage-controlled oscillator of Figure 1. Figuie 3 is a cross
section of the compound functional electronie component of Figure 2. Figore 4 15 a block diagram
showing the relationship betwesn the multifunctivnal electronie part of Figure 2 and an inspection

device.

(0037

The multifunctionad electronic part shown in the external oblique view of Figore 2{a) is a
multitunctional clectronic partin which a resistor and a capacitor are conneeted In parailel, as
showneby the eq&:;.walem cirenit dmgmm of Figure 2{b). The maltitunctional electronic pant shown
in Figure 2iay ncludes re 24, which i formed on one surface on which mounting conductor
glectrodes 22,23 are not formgd, in vectangular paraliclepiped chip-type capaciior 21 that has a
Laroinated ceramae structure provided with mounting conductor electrodes 22, 23 on two opposing

faces on two sides,

[G033

With the multifunctional electronic part of Figure 2a), chipstype capacitor 21, which is a
laminated cergmic capaciior, 18 formed by conductor lavers 314, the ends at-one side surface of
which are electrically and physically conpected 16 mivunting conductor electrode 22, conductor
lavers 31b, the ends & one side surface ol which are electrivally and physically connected 1o

mermting conductor electrode 23, and insulating lavers 32, which appear alternately, as in the

crosy xection of Figwre 3. Conductor layers 31a, 3k are made of silver, sibver palladium, ete.. and

are made of o glass coramie material whichan msuliting material, such as

insulating layers!
tiardun oxide, bariurg oxide or lead oxide, bas been mixed. In this case. the end surfaces of
conductor lavers 3la opposite the end swrfaces comected o mounting conductor slectrode 22 are
not conmeeted o mowtiing conductor electrode 23, Likewise, the end surfaces of conductor
lavers 31b opposite the end surfaces conneeted to mounting conductor electrode 23 are not

compected to mounting conductor eleetrode 22.

[D034)

Resistor 24 is Tormed with grey

stive material, such as rathenium oxide, vn the top swrface

oo chipetvpe capaertor 21 fonmed in thas way, Mounting conductor electrodes 22, 23 are formed



24

with a U shape so that resistor 24 formed on clup-type capacitor 21 can be electrically and

physically connested to mounttug conductor electrodes 22, 23 Muoreaver, although it s not shown,

& protective fdmos g

(0035

With the mullifunctional electronic part conligured as in Frgwre 2 and Figure ”» first, &
I ;

laminated ceramic capacitor on which conductor fayers 31a, 31b and insulating lavers 32 are

lé;nﬂtn.ated is formed by _k”{_vmi_mg& Csﬁ)‘nduc.l‘ix;‘e material, such as sidver or silver pal]ad;‘mn, andg

N

. Then, mounting conductor electrodes 22, 33 are electrically conngcted with

resistor 24 and conductor layers 31a, 31b by conpecting mouniting cotductor olectrodes 22, 23 by
sg;;a-weppjlaiiim with silver paste on two opposing xurfaces of the laminated ceramic capacitor where

eststor 2418 formed.

{0038]

The admittance of this mulitfunctional electronic part can be measured by connecting
mounting conductor electrodes 22,23 of multifunctional electronic pan o the leads 42, 43 of
measuring device 41, which s an impedance analvzer, which can measure the admittance of the
electronic part, as shown in Figure 4. Thatis, when the admittance Y = G+ X of mulifunctional
glecironic paﬂ: 40 15 weasured, s ressstance will be 1/G, and ity capacitance wall be Xi2xf (here, §

15 the frequency of the AC power souree that is used when measuring with measuring device 414

JO037

The number of components that are nwunted 1 a voltage-controlled wscillator provided
with such & multnfunctiona electropic part, as showrin Figure 3, will be one 2-transistor,
single-package tvpe transistor 1, one vavactor dinde 2, and {hurteen ther chip-type electronic
covponents 3, including the multifunctional electronic part, wonnted on subsivate 4, or atotal of
aixteen. in this case, a mounting spa of at least 0.2 mm between components is ensured, the
samme ag in the prior art, hut the numl\_r of components 1s reduced by ene, compared with the prior
art, 80 the size of soubstrate 4 can Be 4.6 ou x 4.0 o, Thas, the swefsce drea can be redused by

around 8% compared with the size of a copventional substrate.
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{0038
Second embediment

& second erihodunent of the present tovention will he explained with reference to the
altached figures. Figure 6 shows an oblique view and ap equivalent cireuit diagram showing the

configuration of & mudtifunctional electronic part that has an inductance pertionand a capacitance

portion provided fr the voltage-controlled oscillator in this embodiment. Flgwe 7isa o
section of the multifanctionzl clectronie part of Figure 6. Figure 8 is a block diagram showing the
relationship hetween the multifunctional electronic part of Figure 6 and an inspestion device. Here,

-
.‘n‘

in Figures 6 and 7, parts with equivalent functions are those for the multifanctiona! electronic pat

1y Frgure 2 and Figure 3 and ther detarled explanations ars omitted,

[0U39]

The mulufunctional electrome part shown i the exlernal obligue view of Fluute 6(4) isa
multitunctional electronic part in which an inductor and a capacitor are connected fu parallel, as
shown by the equivalent ciremit diggram of Figure 6(b), and s a multifunctional electronic part that

form¢ inductor L2 and capacitor C3 of Figure 1. The muoltifinctional electronic part shown in

oy

d, in rectangular parallelepiped chip type

capacitor 21 that has a amingted cerpmic strucigre wherein mowrting conductor electrodes

are provided on two oppoding surthees on two sides,

{0840

in the multifunctional electronte part of Figure 6{a), chip-iype capacitor 21, which is s
laminated coramic capacitor, is foroted by conductor lavers 3a. the ends at one side surface of
which are electrically and physically sonnected to mounting conductor electrode 22, conductor
fayers 31h, the end at ove side surface of which is electrically and physically connected 1o
mmmting conductor electrode 23, and insulating Javers 32, whueh appear aliernately, avin the

N

cross section of Figure 7, like the Grst embodiment

(0041}

"y,

: Moanting conductor elestrodes 22, 23

are formed with all shape so that iadoetor pattern ST formed ow chip-type *'m,iuim 21 can be
clectrically and physically connected o mounting conductor electrodes 22, 23, Moreover,

although it Is not shewn, a protective [ihn is provided on the surface of the insulating layer 32 on

which inductor pattern 31 s formed,



[0 2]

With the multifunctional electrenic part configured as in Figures 6 and 7, Jike the first
embodiment, first, a laminated covamic capaciior on which conductor layers 3la, 31hand
msadating layers 32 arg :asppiied is fornred by forming a conductive matental, suchas silver ar silver

paltadium, and a glass ceramic material with sereen-printing, Next, ihductor pattern 51 1s formed

h\:-‘ seresn-printing a m’.’mﬁ uetive w

Then, mounting comductor slectrodes 22, 23 are electrically conpected to mductor

pattern 31 and conductor lavers 3a, 31b by connecting mounting conductar electrodes 22,23 by
solder-plating the silver paste on two opposing surtaces of the laminated ceramic capacitor on

which inductor pattern 51 18 formed.

{043

The resonance frequency of the multifunctional electronie part is measured by connecting
feads 82, 83 from measuring deviee R1, whicht ix a network analyzer, which ean measure the
amplitude of the current flowing through the electromic part, to mounting conductor
clectrodes 22, 23 of multifuncional electronie part 84, as showrin Figure 8, That 1y, the
frequency characieristios relative o the amplitude of the current flowing through multifunetional
eiectmmﬁ part 80 are measured, and the frequency at which the current amplitude starts to

decrease 18 detectid as the resopance frequendy.

[H044]

The multifunctional electronic part for which the resonance froquency is measured 1 this
way can constitute u resonance cireuis that has frequenty characteristieos correxpending to the
oscillation freguency used by a voltage-controlied cseillator by conneeting 1o the portica that
consiitytes inductor 1.2 and capaciior O3 of resonance curguit A of the voltage~controlled oscillator.
Changing the oscillation fregquency of the voltage-vonirolled oscillgtor can be accommodated by
using @ multifunctional electronic part with a different resonance frequency, so that the process of
tronnuing the indugior pattern conductorwidth, as was dong inthe prior art, can be dispensed with,

and the frequency can be easily adiusted. In addition, 1 sl not be necessary 1o provide inductor

patterns on substrates on which vther elecironie tomponents are mounted, as was done in the prior
art. st that the surface srsa of the substrate ean be reduced by the smount of mouting area where

the mductor patterns were provided.
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H0045)
Here, in the vollage-controlled -oseillator shown i Frygure 1, both the multifuiietional
elecirome paris explained in the {irst and second embodiments are mounted. [ this way, the

surface area of the substrate constituted by the voltage-controlled osciltator can be made oven

smatier, and the voltage-controlled osetllator can be made even simaller. The multifunctional

electronic part of the present invention is also not imited 1o the forms of'the first and second
erabodiments. For example, the resixtor ormmpedance patiern can be formed on another surface of

the insulating layer of the chip-type capacitor, or the resistor or impedance patiern can be formed

ona phurghty ol iusulating layer surfaces of the chip type capucitor.

(00461
Effee

cis of the invention

With the present invention, a multifunctional elecironic part inwhich a capacitance portion
and a resistance portion are connected in parallel, or a capacitance portion and an inductance
portion are connected In paratlel, between first and second mounting conductot electrodes, can be
constructed by forming a resistor or inductor palierscon ¢ surface of {at least one of] the insulating
layers of a conventional chipetvpe capacitor. Thus. beeause it is pessible o provide a
multifunctional electronic part of approximately the same size asa copventional chip-type
capacitor, the surface area of the subsirate onowhich s moanted can be reduced for varous types

ol crrowtt configurations.

0047

When a muftifonctional electromc part in which a capacitance portion and an inductance
portionare conrweted m paradicl i used with s voltage-controllad oscillator, because the resonance
frequeney of the multifunclicnal electronic part ean be measired beforchand, it is not négessaty to

frims the mduster pattern with a lager, ete., to adjust the frequeney, as was done in the prior art, and

the oseillation frequency of the x-‘{_ﬂ_mg- sntrolied oscillator can be set casily by selecting and
providing a compound fanction electroniv element with a resananve fregueney aceording to the

oscillation trequency of the vmtagwcan&mileﬁ pscitlator,

Briel deserintion of the figurss

Figure 8 a circuit diagram showing the configuration of a vohtage~controlled oscillator.

Figure 2 is an external oblique view and an eguivalent cireuit diagram showing the
configuration of a multifunctional eleciromc part in a first embodiment,
Prgure 3 15 & ¢rosy section showing the mitetnal configuration of the mulifunctional

elestroniv part of the first embodiment.



Figure 4 shows the relationship between the multifunctional electronie part of the first
embodiment and g meter,

Figure 515 a layout diagram of the electronic components on the substrate surface on which
the compound function clectronie element of the first embodiment 18 mouated.

figure & is an external obligue view and an equivalent eirenit diagram showing the
configuration of a multifusctional clectronie part in a second smbodiment.

Figure 7 is @ cross section showing the interrial configuration of the muliifuneiional
electronde part of the second embodiment.

Figore 8 shows the relationship between the multfunctional electronic part of the secomd
embodiment and & meter,

Figure 918 a lavout diagram of the electronic components on the substrate surface on which
the clectronic components that constitute the conventiond viltage-controlled oseillator are

wouted.

Explanation of symbols

1 -tramsistor single-prckage type transistor

3 Varsetor diode
3 Chip=type elecironie componain

4 Rubstrate
2 Chip-type capacitor
L 23 Mounting vondustor electrodes
24 Reaistor
3la, 3tb Conductor layvers
Insulating layer

51 Inducter pattern
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